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Abstract: Background: Tabebuia chrysantha (Jacq.) Nichols, commonly known as Guayacan,
is a prominent species within the Bignoniaceae family known for its medicinal value and
ecological significance. This study aimed to characterize the antioxidant capacity and
secondary metabolite composition of Guayacan leaves and flowers grown in Ecuador, a
region where its chemical profile remains unexplored. Methods: Comprehensive analyses
were conducted to determine the total phenolic content (TPC), total flavonoid content
(TFC), and antioxidant activity using ABTS, DPPH, FRAP assays, and LC-MS. Results:
The results revealed remarkable differences between mature leaves and flowers. Leaves
exhibited consistently higher flavonoid levels (e.g., 0.280 £ 0.005 mg QE/g DW) and supe-
rior antioxidant capacity across all assays (e.g., 10.84 = 0.51 pmol Trolox g~ ! DW in ABTS)
compared to flowers, which showed greater variability but lower overall activity. These
findings highlight a functional specialization, with leaves synthesizing more flavonoids
to mitigate oxidative stress from environmental factors such as UV radiation. LC-MS
analysis unveiled various bioactive compounds, including phenolic acids, flavonoids, and
terpenoids. Unique metabolites like a-lipoamide in leaves and oleanolic acid in flowers
suggest distinct adaptive roles, potentially linked to stress tolerance and reproductive func-
tions. Additionally, strong correlations among antioxidant assays (e.g., FRAP vs. DPPH,
r =0.993, p < 0.001) emphasize the pivotal role of phenolics and flavonoids in free radical
scavenging and reduction mechanisms. Conclusions: The findings of this study demon-
strate the superior antioxidant capacity of leaves, driven by their higher accumulation of
flavonoids and phenolic compounds. This research represents a foundational step toward
uncovering the therapeutic potential of Ecuadorian Guayacan as a source of natural antiox-
idants and bioactive compounds, supporting its future applications in phytotherapy and
drug development.

Keywords: Tabebuia chrysantha (Jacq.) Nichols; antioxidant capacity; flavonoids; phenols;
phytotherapy; guayacan

1. Introduction

The genus Tabebuia is the most diverse within the Bignoniaceae family, comprising
flowering trees with over 100 species distributed across tropical and subtropical regions,
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extending from the United States to northern Argentina and Chile [1]. T. chrysantha,
commonly known as the Golden Trumpet Tree, is a medium-sized deciduous tree, reaching
heights between 12-22 m, distributed from Mexico to Colombia and Venezuela [2].

In Ecuador, this species is widely found, thriving at altitudes ranging from sea level to
1.500 m above sea level in regions with annual precipitation between 1.000-2.500 mm and
temperatures from 12-24 °C [3]. It typically inhabits dry and tropophilous forests, predom-
inantly in the southern regions of Esmeraldas, Manabi, Guayas, and El Oro provinces. The
tree is renowned for its striking appearance, characterized by terminal inflorescences of
vibrant yellow flowers with a bell-shaped calyx [3,4].

Oxidative stress (an imbalance between free radicals and antioxidants in the body) is a
complex process influenced by a combination of internal (e.g., normal cellular processes,
body’s immune response to infections or injuries, aging) and external (e.g., environmental
pollutants, radiation, smoking, excessive alcohol consumption, poor diet, stress, exces-
sive exercise) factors; it plays a significant role in the development of numerous chronic
diseases [5]. Natural products offer a wealth of compounds that can effectively combat
oxidative stress, making them invaluable in both prevention and treatment [6].

The genus Tabebuia is noted for its diverse array of secondary metabolites, which
are active principles in treating various pathologies [7]. T. chrysantha shows potential in
various pharmacological areas, particularly in its anti-parasitic and antioxidant properties;
more research is needed to understand its therapeutic potential fully and to ensure its
safe and effective use [8]. Species within this genus are commonly utilized in traditional
medicine [9] and are acknowledged as therapeutic alternatives in rural communities. Eth-
nobotanical and ethnopharmacological studies substantiate these practices, demonstrating
their potential to address multiple ailments. This interest has driven the exploration of
new phytotherapeutic drugs [10]. The evidence suggests that the Tubebuia genus pos-
sesses antimicrobial and astringent properties. Moreover, the anti-infective activity of
its plant extracts has been evaluated, yielding promising results. T. chrysantha and other
species of the genus exhibit anti-inflammatory effects in both in vivo and in vitro studies.
Ethnopharmacological investigations highlight the potential of T. chrysantha in cancer treat-
ment due to its antitumor activity, attributed to compounds such as naphthoquinones and
polyphenols [1]. Additionally, the bark contains bioactive compounds, including naphtho-
quinones, quinones, furanonaphthoquinones, benzoic acid, cyclopentenyl dialdehydes, and
flavonoids and other classes of secondary metabolites, including tannins, alkaloids, and
iridoids (Figure 1) [9]. Notably, a moderate concentration of flavonoids has been observed
in the flowers of T. chrysantha.

The importance of this research lies in addressing the current gap in scientific studies
on T. chrysantha (Golden Trumpet Tree) grown in Ecuador. Despite the abundance of
this species in the country, its metabolic profile and biological capacities, including its
antioxidant properties, remain unexplored. Evaluating these attributes is crucial, as they
hold significant potential in the treatment of various diseases. This study seeks to unveil
the therapeutic value of the metabolites found in T. chrysantha leaves and flowers. By
leveraging the unique biochemical characteristics of Ecuadorian T. chrysantha, this work
could pave the way for innovative solutions in phytotherapy and drug discovery.
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Figure 1. Chemical structures of key bioactive compounds in T. chrysantha: (a) quercetin-3-O-
glucoside, (b) caffeic acid.

2. Results
2.1. Bioactive Compound Determination

The total phenolic content (TPC) and total flavonoid content (TFC) varied among the
samples analyzed of Guayacan leaves and flowers. The TPC values in Guayacan leaves
ranged from 2.590 to 2.708 mg GAE/g DW in HG1 (collected from Esmeraldas) and from
2.592 to 2.705 mg GAE/g DW in HG2 (collected from Guayas), with average values of
2.645 £ 0.041 mg GAE/g DW and 2.646 + 0.042 mg GAE/g DW, respectively. In Guayacan
flowers, TPC values ranged from 2.580 to 2.723 mg GAE/g DW in FG1 and from 2.613
to 2.712 mg GAE/g DW in FG2, with averages of 2.653 £+ 0.048 mg GAE/g DW and
2.646 £ 0.042 mg GAE/g DW. The TFC values in Guayacan leaves ranged from 0.269 to
0.285 mg QE/g DW in HG1 and from 0.271 to 0.286 mg QE/g DW in HG2, with average
values of 0.275 &£ 0.005 mg QE/g DW and 0.280 £ 0.005 mg QE/g DW, respectively. In
Guayacan flowers, TFC values ranged from 0.249 to 0.266 mg QE/g DW in FG1 and from
0.244 to 0.257 mg QE/g DW in FG2, with averages of 0.260 & 0.006 mg QE/g DW and
0.249 £ 0.006 mg QE/g DW (Figure 2).

These results indicate that Guayacan leaves generally accumulate higher levels of
phenolic and flavonoid compounds compared to Guayacan flowers. The highest TPC value
was detected in FG1 (2.723 mg GAE/g DW), whereas the highest TFC was recorded in HG2
(0.286 mg QE/g DW). The observed differences may be attributed to variations in metabolic
pathways, environmental factors, or tissue-specific biosynthetic activity. The relatively
higher TPC and TFC in leaves suggest a possible role in plant defense mechanisms and
adaptation to environmental stress (Table 1).

Table 1. Summary of Total Phenol Content (TPC), Total Flavonoids (TFC) and Antioxidant Capacity
in Guaiacum Leaves and Flowers.

Samples  TPC (mg GAE/g DW)  TFC (mg QE/g DW)

ABTS (umol DPPH (umol FRAP (umol
Trolox/g DW)  Trolox/g DW) Fe?*/g DW)

HG1 2.645 £+ 0.041 0.275 £ 0.005 10.57 £0.76 37.24 £ 0.89 22.67 £0.43
HG2 2.646 £ 0.042 0.280 £ 0.005 10.84 £ 0.51 37.04 £1.23 20.88 = 0.68
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Table 1. Cont.

ABTS (umol DPPH (umol FRAP (umol
Trolox/g DW)  Trolox/g DW) Fe?*/g DW)

FG1 2.653 £ 0.048 0.260 £ 0.006 2.32 +0.53 35.93 £ 1.36 3.33+0.14
FG2 2.646 £ 0.042 0.249 + 0.006 2.61 £ 0.06 9.07 £0.21 2.65 £0.10

Note: Values expressed as mean = standard deviation (n = 3).

Samples  TPC (mg GAE/g DW)  TFC (mg QE/g DW)

Total Phenolic Content (TPC) Total Flavonoid Content (TFC)
2.80 1
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Figure 2. Distribution of total phenolic content (TPC) and total flavonoid content (TFC) in Guayacan
leaves and flowers. The violin plots illustrate the variation in TPC (left) and TFC (right) across
four samples: HG1 and HG2 (leaves) and FG1 and FG2 (flowers). Black dots represent individual
measurements, providing insight into the variability within each group.

2.2. Antioxidant Capacity Determination

The antioxidant capacity of Guayacan leaves and flowers was evaluated using the
ABTS, DPPH, and FRAP methods. The obtained values revealed significant differences
among the analyzed samples (Figure 3, Table 1).

FG1
FG2
HG1
HG2

Comparison of Antioxidant Properties
DPPH  —

Figure 3. Antioxidant activity determined by FRAP, DPPH, and ABTS assays in Guayacan leaves
and flowers. The radar chart represents the average antioxidant activity values for each sample,
highlighting significant differences among the methods. Values are based on triplicate replications.
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For the ABTS assay, Guayacan leaves (HG1 and HG2) exhibited considerably higher
antioxidant activity compared to flowers (FG1 and FG2). The average values for HG1
were 10.57 4+ 0.76 umol Trolox gfl DW, while HG2 recorded 10.84 4+ 0.51 umol Trolox
gfl DW. In contrast, the flowers presented significantly lower values, with FG1 reaching
2.32 + 0.53 umol Trolox g~ ! DW and FG2 at 2.61 + 0.06 umol Trolox g~ ! DW.

The DPPH assay reflected a similar trend, where HG1 exhibited the highest antioxidant
capacity with an average value of 37.24 + 0.89 umol Trolox g~ ! DW, followed by HG2 with
37.04 4+ 1.23 umol Trolox g_1 DW. The flowers, however, were discordant in antioxidant
activity, as FG1 recorded values comparable to the leaves (35.93 & 1.36 umol Trolox g~ !
DW), while FG2 displayed significantly lower values (9.07 + 0.21 umol Trolox g~! DW).

On the other hand, the reducing activity assessed by FRAP once again demonstrated
higher activity in leaves compared to flowers. HG1 had an average of 22.67 & 0.43 pumol
Fe?* g~! DW, followed by HG2 with 20.88 + 0.68 umol Fe?* g~! DW. Regarding the
flowers, FG1 showed intermediate values (3.33 4= 0.14 umol Fe?* g~ DW), while FG2
recorded the lowest activity (2.65 & 0.10 umol Fe?* g~ ! DW).

2.3. Correlation Between Bioactive Compounds and Antioxidant Capacity

The analysis of antioxidant properties in Guayacan leaves (HG1, HG2) and flowers
(FG1, FG2) revealed significant correlations among various bioactive compounds and
antioxidant assays (ABTS, DPPH, FRAP, TPC, and TFC). These findings highlight the
intricate relationships between secondary metabolites and antioxidant capacity across
different plant tissues. Strong positive correlations were observed, particularly between
FRAP and DPPH (r = 0.993, p < 0.001), as well as FRAP and ABTS (r = 0.930, p < 0.001),
indicating the central role of phenolic compounds in these antioxidant capacities. Similarly,
ABTS and TFC showed a strong positive correlation (r = 0.930, p < 0.001), suggesting that
flavonoids may play an important role in the ABTS antioxidant assay. In contrast, notable
negative correlations were identified. For instance, DPPH and ABTS showed a moderate
negative correlation (HG2: r = —0.948), suggesting that specific interactions or structural
differences in the antioxidant mechanisms might underlie these observations. Furthermore,
TPC exhibited weak or negligible correlations with other antioxidant assays, such as FRAP
(r = —0.019), highlighting that total phenolic content measured by the TPC assay might
not fully explain the antioxidant activity across the tested samples. When comparing plant
tissues, the flowers (FG1 and FG2) generally demonstrated stronger positive correlations
between antioxidant assays (e.g., FG2: FRAP vs. DPPH, r = 0.933) compared to leaves (HG1
and HG2), where mixed patterns were observed, including strong negative correlations
(e.g.,, HG1: ABTS vs. DPPH, r = —0.776). These variations may reflect differences in
the specific composition and concentrations of bioactive compounds between leaves and
flowers (Figure 4).

2.4. Screening of Bioactive Compounds by Liquid Chromatography Coupled with Mass
Spectrometry LC-MS

LC-MS was employed to identify bioactive and metabolic compounds in the leaves and
flowers of Guayacan, a plant recognized for its potential medicinal properties. The analysis,
based on molecular mass and retention times, revealed a wide diversity of significant
compounds in both parts of the plant. Several bioactive compounds were identified using
positive and negative ionization modes of LC-MS. In the leaves, key compounds such
as phenolic acids (e.g., caffeic acid and sinapic acid), flavonoids such as luteolin-8-C-
glucoside and quercetin-3-O-3-D-galactopyranoside, and other secondary metabolites such
as o-lipoamide and quinurenic acid were highlighted. The flowers, on the other hand,
presented a distinctive profile that included eriodictyol-7-O-glucoside, isorhamnetin-3-O-
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glucoside, and phenolic derivatives such as glycyrrhetinic acid and oleanolic acid (Table 2,
Figures 5 and 6).

ABTS DPPH FRAP [ TPC (| TFC
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Source: Own analysis
Figure 4. Correlation matrix between antioxidant capacity assays (ABTS, DPPH, and FRAP) and
bioactive compounds (TPC and TFC) in Guayacan leaves (HG1 and HG2) and flowers (FG1 and FG2).
Correlation coefficients (r) are displayed in each cell, with statistical significance indicated by asterisks
(* p <0.05; ** p < 0.01; *** p < 0.001). The diagonal shows density distributions for each variable, while
scatterplots with regression lines illustrate pairwise relationships. The data were analyzed for each
tissue type, highlighting differences in the interplay between secondary metabolites and antioxidant
properties, different colors indicate data for each sample, lines represent the fitted correlation trend
for the respective assays.

Table 2. Bioactive and Metabolic Compounds tentatively assigned in Guayacan Leaves and Flowers
Using LC-MS.

ID mlz Re,;,?::ion Proposed Compound Identity Molecular Ion l\ggl:z}:r SI:)lz:‘Lte Iorlbi[ia;ion
2057  465.307 1511 Quercetin-3-O-glucoside (Hyperoside) M+H C21HO12 FlOVLV:; fa“d Positive
3915 449.276 7392 Luteolin-8-C-glucoside M+H C21HyOn Flovﬁ’:: fa“d Positive
8557 465.351 11,135 Quercetin-3-O-3-D-galactopyranoside M+H Cy1Hy0012 Flov]\::; fand Positive
11474 419.357 13,177 Liquiritin M+H C2,Hy,0 Flovﬁ’g; f"md Positive
13457  593.187 14,666 A"aceﬁ“’7'((;;?jrrgl‘lg’lgl‘“°“de M+H CosHz3014 Flo“{j; fa“d Positive
1820  179.188 19.878 Caffeic acid * M-H CoHgOy Fl‘“ﬁ’s; f‘md Negative
2443 223233 24.767 Sinapinic acid M-H C11Hp,05 Fl"“ﬁ’g; fa“d Negative
1966 340.046 21.087 Aristolochic acid C M-H CyHyNO,  Flowerand Negative

Leaf
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Table 2. Cont.

ID mlz Re;eielr:‘tion Proposed Compound Identity Molecular Ion l\ggl‘;ﬁ}:r SI:)lzlr‘::te Iorlt/ilia;ieon
1242 375.129 15.621 Deoxyloganic acid M-H C16H24010 FI"VLV: fa“d Negative
2136 206.169 1623 a-Lipoamide M+H CgH15NOS, Leaf Positive
2446 190.135 3799 Kynurenic acid M+H C1oH7NO;3 Leaf Positive
3159 419.286 5999 Aloin A M+H C21H209 Leaf Positive
4606 463.088 8073 Kaempferol-3-O-glucuronide M+H Cy1H18012 Leaf Positive
6315 449.320 9576 Plantaginin M+H C21HoOn1 Leaf Positive
6331  481.365 9653 3'5'7'8'3'4'He;ﬁ‘g’oiri‘;’;yﬂav‘me's'o' M+H CarHaoO13 Leaf Positive
7746 519.389 10.51 6-O-Malonylcosmosiin M+H Cp4HO14 Leaf Positive
10032 479.398 12,051 Isorhamnetin-3-O-glucoside M+H CpoHy012 Leaf Positive
10052 315.316 12.09 Velutin M+H C16H120¢ Leaf Positive
10463 257.284 12,389 Pinocembrin M+H C15H1204 Leaf Positive
10896 241.265 12,693 6-Hydroxyflavanone M+H C15H1205 Leaf Positive
11006 293368 12932 (10F 1569 01551312221{ drowyoctadeca  MOH04H  CisHiO; Leaf Positive
12854 623.430 14.12 Pectolinarin M+H Cp9H34015 Leaf Positive
19210 449.108 24,978 Luteolin-6-C-glucoside M+ Cp1Hp9O11 Leaf Positive
1996 205.097 1472 L-Tryptophan M+H C11H12N,O, Leaf Positive
3409 225.184 6465 Phenazine-1-carboxylic acid M+H C13HgN,O, Leaf Positive
18477 329.309 22,338 Labetalol M+H C19H24N705 Leaf Positive
18850 255316 23717 hyéf(ily'gir}gﬁ;’;gine M+H C15H14NL O, Leaf Positive
321 181.254 5.192 Sorbitol M-H CeH140¢ Leaf Negative
566 179.231 5.365 Hexo;fa(rfr‘lgo"s g;;i’;gofsr:)d“e' M-H CeH1204 Leaf Negative
1961 190.281 21.053 5-Hydroxyindoleacetic acid (5-HIAA) M-H C10HoNOj3 Leaf Negative
9962 451.404 12,045 Eriodictyol-7-O-glucoside M+H Cy1H» 01y Flower Positive
10032 479.398 12,051 Isorhamnetin-3-O-glucoside M+H CyoHy012 Flower Positive
17819 415.396 2051 Chafuroside A M+H Cp1Hp0011 Flower Positive
18383 427.292 21,962 Leupeptin M+H CpoH3gNgOy4 Flower Positive
18391 291.311 21,978 Catechin M+H C15H140¢ Flower Positive
18569 299.313 22,705 Enterolactone M+H C18H1804 Flower Positive
18887  471.447 23,737 Glycyrrhetinic acid M+ C30Hy04 Flower Positive
19210  281.303 24,938 Aspartylphenylalanine M+H Ci3H16N205 Flower Positive
19406 299.295 25,884 Enterolactone M+H C18H1804 Flower Positive
19422 365.417 25,948 Xanthosine 5'-monophosphate (XMP) M+H C1oH13N4OgP Flower Positive
19630 427.472 2698 Leupeptin M+ CpoH38NgOy4 Flower Positive

20879 265.297 30,936 Abescisic acid M+H C15H2904 Flower Positive
20907  323.352 30,936 Chloramphenicol M+ C11H12C;pN»O5 Flower Positive
21401 277.338 32,298 Glutamylglutamic acid M+H C10H16N,O7 Flower Positive
21903 415.476 33,398 Podophyllotoxin M+H CpoH»Og Flower Positive
23063  609.531 35,284 3,10S-Dihydroxypheophorbide M+H C33H34N4Og Flower Positive
23713  457.513 36,385 Oleanolic acid M+H C30Hys053 Flower Positive

Legend: Compounds tentatively identified by a comparison of fragmentation and formulas with databases
(PubChem, Metlin) and the literature. m/z observed to three decimal places; m/z calculated according to exact
masses in [M+H]* or [M-H]-mode. Tolerance: £0.001 Da. Retention in minutes. *—previously mentioned in the
literature for the same species.
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Figure 5. LC-MS chromatogram (positive and negative ion mode) of Guayacan leaves in Guayas.
The chromatogram displays the retention times and corresponding molecular ion peaks of various
bioactive compounds identified in the sample. Key peaks represent different bioactive metabolites,
which contribute to the biochemical profile of the Guayacan leaves. The data obtained from the LC-

MS analysis helps to identify compounds associated with the antioxidant and metabolic properties of
this plant. Base Peak m/z = 50.00-2000.00 MS.

B4 578 % MR
LTINS 100 B [ B I B T 1 It
0 OR M % B 0 2 M 6 6

Figure 6. LC-MS chromatogram (positive and negative ion mode) of Guayacan flowers in Guayas.
The chromatogram illustrates the retention times and molecular ion peaks of various bioactive
compounds identified in the sample. Prominent peaks correspond to flavonoids such as eriodictyol-
7-O-glucoside and isorhamnetin-3-O-glucoside, as well as phenolic derivatives like glycyrrhetinic
acid and oleanolic acid, which contribute to the antioxidant properties of Guayacan flowers. This
profile highlights the richness of secondary metabolites present in this part of the plant. Base Peak
m/z = 50.00-2000.00 MS.
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3. Discussion

The analysis of total phenolic content and total flavonoid content in Guayacédn leaves
and flowers revealed significant tissue-specific variation in the accumulation of secondary
metabolites, reflecting the plant’s adaptive strategies to different environmental and physi-
ological demands. Although TPC levels were similar between leaves and flowers, leaves
consistently exhibited higher TFC, with values such as 0.280 =+ 0.005 mg QE/g DW in HG2
leaves compared to 0.249 + 0.006 mg QE/g DW in FG2 flowers. This suggests a functional
specialization in leaves, where flavonoid biosynthesis is prioritized due to their role as an-
tioxidants and photoprotectors against environmental stresses such as UV radiation [11,12].
In contrast, flowers, despite having comparable TPC levels, may allocate phenolic resources
to compounds involved in reproductive functions, such as pollinator attraction or floral
pathogen defense [13]. The slight variation among samples (HG1, HG2, FG1, and FG2)
highlights the influence of factors such as microclimatic conditions or phenological timing
on secondary metabolite profiles [14]. These results align with studies emphasizing the
need for multiple replicates to capture plant chemical diversity [14], underscoring the
robustness of our experimental design.

The antioxidant capacity, assessed through ABTS, DPPH, and FRAP assays, demon-
strated the superiority of leaves over flowers, with marked differences in their ability to
mitigate oxidative stress. In the ABTS assay, leaves showed significantly higher activity
(e.g., 10.57 £ 0.76 umol Trolox/g DW in HG1) compared to flowers (e.g., 2.32 &= 0.53 pmol
Trolox/g DW in FG1). This trend was reflected in the FRAP assay, where leaves exhibited
strong reducing power (e.g., 22.67 £ 0.43 pmol Fe?*/ g DW in HG1) compared to flow-
ers (e.g., 3.33 £ 0.14 umol Fe?* /g DW in FG1). These findings are consistent with the
high flavonoid content in leaves, known for neutralizing reactive oxygen species (ROS)
generated during photosynthesis [15]. The greater antioxidant capacity in leaves likely
serves as a protective mechanism against environmental stressors such as solar radiation
and herbivory [10], whereas the lower activity in flowers may reflect their transient nature
and distinct metabolic priorities during reproduction [13]. This pattern reinforces the
hypothesis of functional specialization between tissues in Guayacan.

The DPPH assay provided additional insights, revealing not only the superiority
of leaves but also notable variability among flower samples. Leaves exhibited high an-
tioxidant capacity, with values such as 37.24 = 0.89 pmol Trolox/g DW in HG1 and
37.04 & 1.23 umol Trolox/g DW in HG2, while flowers showed divergent behavior: FG1
recorded 35.93 £ 1.36 umol Trolox/g DW, comparable to leaves, whereas FG2 had only
9.07 £ 0.21 pmol Trolox/g DW. This discrepancy suggests that factors such as developmen-
tal stage or microenvironmental conditions influence antioxidant accumulation in floral
tissues [13]. For instance, flowers at different maturity stages or those exposed to biotic
stress may exhibit altered secondary metabolite profiles, as observed in other species [13].
The high DPPH value in FG1 indicates that, under certain conditions, Guayacan flowers
can accumulate significant levels of bioactive compounds, warranting further investigation
into the modulators of this variability.

Comparatively, the antioxidant capacity of Guayacdn leaves rivals that of other well-
studied natural sources. For example, the DPPH activity in HG1 leaves (37.24 £ 0.89 umol
Trolox/g DW) is similar to that reported for guava extracts (~30—40 umol Trolox/g DW), a
fruit recognized for its antioxidant properties. This positions Guayacén leaves as promising
candidates for applications in functional foods or pharmaceuticals, where natural antiox-
idants are valued for their potential to mitigate oxidative stress-related disorders [16].
The consistent performance of leaves across multiple antioxidant assays underscores their
reliability as a source of bioactive compounds, in contrast to the more variable profile of
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flowers. This comparison contextualizes the results and opens the door to exploring the
economic and ecological value of Guayacan across different sectors.

The correlation analysis between antioxidant assays and bioactive compounds pro-
vided deeper insights into the underlying mechanisms. Strong positive correlations were
observed between FRAP and DPPH (r = 0.993, p < 0.001) and between FRAP and ABTS
(r=0.930, p < 0.001), suggesting that phenolic compounds play a central role in free radical
scavenging and reducing activities [17]. The positive correlation between ABTS and TFC
(r=0.930, p < 0.001) highlights the contribution of flavonoids to ABTS radical neutraliza-
tion, likely due to their catechol groups and conjugated double bonds [18]. These findings
reinforce the importance of employing multiple assays to capture diverse antioxidant
mechanisms [18], validating the methodological robustness of this study and providing a
solid foundation for future research on the antioxidant chemistry of Guayacan.

However, this study also revealed negative correlations and tissue-specific patterns
that merit further exploration. A moderate negative correlation was observed between
DPPH and ABTS in HG2 leaves (r = —0.948), possibly reflecting differential sensitivities
of these assays to various antioxidant classes. While DPPH is more sensitive to lipophilic
antioxidants, ABTS detects both hydrophilic and lipophilic compounds [19], which may
explain the discrepancies. Additionally, the weak correlation between TPC and FRAP
(r = —0.019) suggests that total phenolic content, as measured by the Folin—Ciocalteu
method, does not fully explain the antioxidant activity [20]. This may be attributed to
non-phenolic reducing agents or phenols with different reactivities [20], highlighting the
complexity of plant antioxidant systems and the need for targeted analyses in future studies.

Tissue-specific differences in correlation patterns were also evident. Flowers (FG1 and
FG2) showed consistently positive correlations between antioxidant assays (e.g., FRAP vs.
DPPH, r = 0.933 in FG2), whereas leaves (HG1 and HG2) exhibited mixed results, including
negative correlations (e.g., ABTS vs. DPPH, r = —0.776 in HG1).These disparities reflect
variations in secondary metabolite composition between tissues [21,22]. Flowers may be
enriched in specific flavonoids or phenolic acids that uniformly enhance antioxidant activ-
ity [21], whereas the more diverse profile of leaves, shaped by their roles in photosynthesis
and defense, could result in more complex antioxidant interactions [22]. This analysis
underscores the importance of considering physiological differences between tissues when
interpreting antioxidant data.

The LC-MS analysis identified a diversity of secondary metabolites in Guayacan
leaves and flowers, including bioactive compounds with known antioxidant properties.
Flavonoids such as quercetin-3-O-glucoside and luteolin-8-C-glucoside, along with phe-
nolic acids such as caffeic acid, were detected in both tissues, aligning with the metabolic
profiles of Bignoniaceae [23,24]. These compounds are recognized for scavenging free
radicals and mitigating oxidative stress [18,19], supporting the observed antioxidant po-
tential. The presence of unique compounds—such as «-lipoamide in leaves and oleanolic
acid in flowers—suggests chemical specialization [25,26]. a-Lipoamide may be linked to
stress adaptation in leaves [25], while oleanolic acid in flowers could contribute to anti-
inflammatory defenses [26]. These findings highlight the ecological and physiological
importance of secondary metabolites in Guayacan, justifying future studies on their roles
and applications.

4. Materials and Methods
4.1. Sample Collection

Mature leaves and flowers of Guayacan were collected in Esmeraldas (HG1 and
FG1) and Guayas (HG2 and FG2) provinces to capture the diversity of environmental
conditions in March 2023, during the dry season. Ten specimens were collected per site
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(5 leaves, 5 flowers), Flowers were collected at the full bloom stage to standardize the
samples. The two provinces (Esmeraldas and Guayas) were chosen because of their
differences in precipitation (Esmeraldas: ~1500 mm/year, Guayas: ~1000 mm/year) and
mean temperature (Esmeraldas: 25-27 °C, Guayas: 23-25 °C), allowing the evaluation of
environmental influences. These sites were strategically chosen to evaluate the potential
influence of climatic and altitudinal variations on the antioxidant properties and secondary
metabolite composition of Guayacan leaves and flowers.

4.2. Extraction of Bioactive Compounds

The extraction of bioactive compounds was performed following the protocol de-
scribed by Claros (2021) [27] with modifications to optimize the process for Guayacan
leaves and flowers. Fresh, mature plant material was finely ground using a mortar and
pestle to obtain a homogeneous powder. Exactly 1 g of the powdered sample was weighed
using an analytical balance and subsequently macerated in 15 mL Falcon tubes with 96%
ethanol (10 mL), stirred with a glass rod, and kept for 72 h at 5 °C. Extractions were per-
formed in triplicate; absorbance was measured with a UV-Vis spectrophotometer. Extracts
were analyzed at a fixed concentration (1 g/10 mL ethanol) to establish a baseline. Future
studies will incorporate dilution series to evaluate concentration-dependent effects. Anal-
yses were performed with a UV-Vis spectrophotometer (Thermo Scientific Genesys 10S,
Waltham, MA, USA), LC-MS (Vanquish HPLC, Thermo Fisher Scientific), and reagents from
Sigma-Aldrich (Trolox, FeS5O4-7H,O, DPPH, ABTS, AlCl3, and CH3COONa) (St. Louis,
MO, USA).

4.3. Determination of Active Ingredients

The Folin—Ciocalteu colorimetric method (Lépez-Froildn et al. (2018), [28]) with modi-
fications, was used to determine the total phenolic content of Guayacan samples (leaves
and flowers) by mixing the ethanolic extracts (0.4 mL) with Folin—-Ciocalteu reagent diluted
to 10% (v/v) (2 mL) and 7.5% sodium carbonate (1.6 mL). The absorbance of the mixture
incubated at room temperature for 30 min was read at 765 nm. The calibration curve was
performed using gallic acid solutions (0-250 mg/L), the blank being prepared by replacing
the sample with ethanol. The results are expressed as milligrams of gallic acid equivalents
per liter (mg GAE/L). For the determination of flavonoid content, the colorimetric alu-
minum chloride test was used, as described by Pekal et al. (2014) [29]. Ethanolic extracts
(1 mL) were combined with 1.5 mL of solvent, 100 uL of 1 M sodium acetate (CH3COONa),
100 pL of 10% (v/v) aluminum chloride (AlCl3), and 2.3 mL of distilled water. The mixtures
were incubated at room temperature for 40 min, after which their absorbance was recorded
at 435 nm. A calibration curve was generated using quercetin solutions (0-1.5 mg/L), and
the results were expressed as milligrams of quercetin equivalents per liter (mg QE/L).

4.4. Evaluation of Antioxidant Capacity Using FRAP, DPPH, and ABTS Assays

The antioxidant capacity of Guayacan leaves and flowers was evaluated using
three complementary assays: FRAP, DPPH, and ABTS. These complementary methods
provided a comprehensive assessment of the antioxidant potential of Guayacan leaves and
flowers, elucidating their ability to scavenge free radicals and reduce metal ions under
different conditions. All assays were conducted in triplicate for all samples (mature leaves
and flowers) collected from two sites (Esmeraldas and Guayas).

The FRAP assay, which quantifies the reduction of Fe3* to Fe?*, was conducted
following the methodology described by Rajurkar et al. (2011) [30] with modifications. The
FRAP reagent was prepared using 300 mM acetate buffer (pH 3.6), 40 mM HCI, and 20 mM
FeCl3-6H,O. For the analysis, 100 uL of the plant extract was mixed with 300 pL of distilled
water and 3 mL of the FRAP solution and incubated for 30 min at room temperature. The



Pharmaceuticals 2025, 18, 649

12 of 15

absorbance was measured at 593 nm. The calibration curve was constructed by using FeSO4
- 7H,0 (0-5 mM). The results are expressed as Fe?* equivalents.

The DPPH assay, used to determine the radical scavenging activity of antioxidants,
was performed according to the method of Sachett et al. (2021) [31] and Thaweesang
(2019) [32], with modifications. A DPPH stock solution (1 pg L~1) was prepared, and
2 mL of this solution was mixed with 0.1 mL of plant extract. The reaction mixture was
incubated in the dark at room temperature for 30 min, and absorbance was recorded at
517 nm. The percentage of radical scavenging activity was calculated using a standard
curve, with Trolox as a reference compound.

The method of Kuskoski et al. (2005) [33] was used for the ABTS assay. In this method,
the ABTSe+ radical is generated and adjusted to an absorbance of 0.7 & 0.1 at 754 nm.
The mixture (ABTS solution (2 mL) and extract (20 puL)) was incubated for 7 min in the
dark. The absorbance was measured at 754 nm, and the results are expressed in Trolox
equivalents (TE).

4.5. Determination of Bioactive Compounds by LC-MS

Liquid chromatography—mass spectrometry (LC-MS) was used to identify bioactive
compounds from Guayacan samples (leaves and flowers) collected from Guayas according
to the methodology described by Tohma et al. (2016) [34], with modifications. Extracts
were produced using 20 mL of 80% ethanol starting from 1 g of lyophilized plant material;
subsequently, the extract was incubated at 30 °C for 2 h [35]. Samples were centrifuged
(5000 rpm) for 10 min at 4 °C, filtered, and the solvent was removed by rotary evaporation
at 30 °C. The extracts thus obtained were stored at —20 °C in airtight tubes.

The LC-MS system used for the analysis consisted of a Vanquish HPLC unit (Thermo
Fisher Scientific) coupled to an Ion Trap mass spectrometer. Chromatographic separa-
tion was performed using an Accucore Vanquish column (150 x 2.1 mm) maintained at
35 °C, with a flow rate of 0.5 mL/min [36]. A 10 uL injection of 0.1% formic acid solu-
tion was employed as the mobile phase. The identification of bioactive compounds was
achieved by comparing mass spectra and retention times with standard ions from reference
databases such as PubChem, ChEBI, Metlin, and HPLC repositories. Data processing and
metabolite identification were conducted using MZmine 2.53 software, complemented with
information from the scientific literature [37].

4.6. Statistical Analysis

Statistical analyses were performed using RStudio software (R version 4.3.2). A
two-factor ANOVA was conducted to determine significant differences among groups,
with a significance threshold set at p < 0.05. All experiments (TPC, TFC, ABTS, DPPH,
and FRAP) were performed in triplicate for each sample (HG1, HG2, FG1, and FG2), with
results expressed as mean = standard deviation (n = 3 per sample, total n = 12 per essay).
Additionally, Pearson’s correlation coefficient was calculated to assess the relationship
between secondary metabolite content and antioxidant capacity.

5. Conclusions

This study highlights the significant role of Tabebuia chrysantha (Guayacan) as a source
of natural antioxidants and bioactive compounds, particularly in leaves and flowers grown
in Ecuador. The findings demonstrate the superior antioxidant capacity of leaves, driven
by their higher accumulation of flavonoids and phenolic compounds, which are essential
for mitigating oxidative stress caused by environmental factors like UV radiation. Flowers,
while exhibiting lower antioxidant activity on average, revealed variability that could be
influenced by factors such as growth conditions, developmental stages, or genetic variability.
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This underscores the importance of tissue-specific adaptations and their functional roles in
the plant’s metabolism.

The LC-MS analysis further confirmed the presence of diverse secondary metabolites,
including phenolic acids, flavonoids, and terpenoids, which exhibit strong antioxidant
properties. The detection of unique compounds, such as a-lipoamide in leaves and oleanolic
acid in flowers, highlights their potential as valuable bioactive resources for applications
in phytotherapy and drug development. The strong correlations between antioxidant
assays and bioactive compounds emphasize the importance of phenolics and flavonoids
in free radical scavenging mechanisms, although the observed discrepancies point to the
complexity of interactions among different metabolites.

In conclusion, this research established a foundational understanding of the chemical
and biological potential of T. chrysantha cultivated in Ecuador, a species previously un-
derstudied in this region. By unveiling its antioxidant properties and metabolic diversity,
this study not only highlights its therapeutic potential but also paves the way for further
exploration into its application in pharmacology. These findings reinforce the need for
continued research into Ecuadorian flora as a source of innovative solutions for health and
wellness challenges.
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